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GEOLOGY  OF  THE  BITTERWATER  CREEK  AREA 
KERN  COUNTY,  CALIFORNIA  f 

By  Henry  H.  Heikkila  *  and  George  M.  MacLeod  ** 

OUTLINEOFREPORT  northwest  part  of  Kern  County,  California,  is  investi- 

ABSTRACT  __"__  .. .^3  gated.  The  area  is  centered  within  T.  27  S.,  R.  18  E.,  M.  D., 

INTRODUCTION 3  and   includes   parts  of  the   adjoining  townships.   It  is 

STRATIGRAPHY    4  reached  bv  U.  S.  Highway  466  via  Paso  Robles  or  Black- 
Jurassic  and  Cretaceous 4  ii>-  n  xt  j-   x  t       i  ,, 

Eocene  7  well  s  Corner.  .Numerous  dirt  roads  also  traverse  the  area 

Point  of  Rocks  formation 7  and  allow  easy  access.  Topographic  maps  which  cover  the 

MTemblor  ~formatfon~ZZZZZZZZZZZZZZZZZZZZZZZIIZZZZZZZZZZZ    7  area  are  tne  Army  MaP  Service  quadrangles  entitled  Shale 

Monterey  formation I 11  Point,  Emigrant  Hill,  Sawtooth  Ridge,  and  Packwood. 

Pliocene-Pleistocene 14  These  m        are  avaiiable  on  a  scale  of  either  1  -.31,680  or 

Tulare  formation 14  _    __  nnn 

Pleistocene   (?) -Recent 15  1  :Zi3,UUU. 

Terrace  gravel  and  alluvium 15  n  ,  a  .  D  ,       m1  n, 

STRUCTURE  15  fur  pose  and  Scope  of  Report.     The  area  covered  by 

economic  PROSPECTS  19  this  report  is  of  particular  geological  importance  as  it  is 

REGISTER  of  ~*WsTl"locTlITIESZZZZZZZZZZZZZZZZZZZ  19  located  within  a  major  petroleum  producing  region.  Field 

ANNOTATED  BIBLIOGRAPHY  20  work,  therefore,  was  conducted  with  the  primary  aim  of 

determining  and  interpreting  stratigraphic  and  structural 

ILLUSTRATIONS  relations  with  regard  to  possible  oil  and  gas  accumulation. 

Figure   1.  Index  map  showing  location  of  area 4  Subsurface  information  from  wells  drilled  within  the  area 

2.  Names  of  geographic  and  geologic  features  in  the    ^  or  adjacent  to  it  has  been  coordinated  with  the  surface 

3.  "Cannonball"  TOncretionsl^The"Eocene  PrinToTRocta  geology.  Data  from  wells  drilled  subsequent  to  the  original 
sandstone  in  Cedar  Canyon 7  field  work  have  been  incorporated  into  this  report  and 

4'  S^te^i  tt?^™tiSSl!L^!!?-!!^^    8  revisions  have  been  made  in  the  text  and  maps  to  be  in 

5.  Conglomeratic  bed  in  the  Carneros  sandstone  member  accord  with  the  new  information. 

of  the  Temblor 9  . 

6.  Prominent  calcareous  beds  in  the  Media  shale  member  Field     Work    and    Methods.      Approximately    three 

of  the  Temblor..  10  months  in  the  summer  of  1947  were  spent  in  field  map- 

7.  Steeply   dipping,    buff   colored   limestone   beds    inter-  m,  ,  .,  „  ,  ,    ,    r  ,  K 
bedded  with  siliceous  shale  in  the  Media  shale  mem-  pmg.    The    plotting    of    geologic    data    was    done    Simul- 

ber  of  the  Temblor 10  taneouslv   on   aerial   photographs   and  on   topographic 

8'  22^S?S?%£!BS5^_^?_^.^l!^-^!-^-  ll  maPs-   Stratigraphic  sections  were  measured  by  plane 

9.  Limestone  bed  in  the  lower  part  of  the  McDonald  shale  table   traverses  ;   microfossil  samples  were  collected  COn- 
member   of   the   Monterey    southeast   of   Bitterwater  currently 
Creek 13  *'' 

10.  Relationship  between  the  McDonald  shale  and  the  frevious  Work.     The  results  of  previous  work  in 

Twisselmann  sandstone 14  ,  .  _      .     *;         ■ 

11.  Miocene  overlap  of  the  Cretaceous  in  Shale  Hills 14  the  area  by  the  United  States  Geological  Survey  have 

12.  Exposure  of  reverse  fault  within  the  Gould-Devilwater  been  published  by  Arnold  and  Johnson  x  and  by  English.2 

13.  Oil  Lep~near-the~AVboVNo"T  weilZZZZZZZZZZZZZZZZ  15  Other  investigations  have  been  and  are  still  being  made 

14.  Present  distribution  of  pre-Temblor  sediments 16  bv  numerous  oil  companies,  although  verv  few  of  the 

15.  Present  distribution  of  pre-Monterey  sediments..         18  results  have  been  put  in  published  form.  The  annotated 
P,atC     2.  Sotgt  %£L^™«w£Z^<M^^£&  bibliography  included  with  this  report  represents  a  fairly 

complete  coverage  of  the  pertinent  geologic  literature. 

abstract  Interest  in  this  area  is  evidenced  by  the  numerous 

The  results  of  a  detailed  stratigraphic  and  structural  study  of  dry  holes  drilled  over  the  period  of  the  past  30  years.  The 

approximately  40  square  miles  in  the  Temblor  Range  of  northwest  production  obtained  111  the  adjacent  Blackwell  S  Corner 

Kern  County,  California,  are  presented.  The  sedimentary  rocks  in  field  represents  the  closest  production  obtained  to  date. 

the  area  range  in  age  from  Jurassic  to  Recent ;  however  great  thick-  Nevertheless,  the  area  can  still  be  considered  as  decidedly 

nesses  of  complexly  related  Miocene  sediments  of  the  Temblor  and  ,. 

Monterey  formations  form  the  stratigraphic  units  of  major  impor-  active. 

tance.  Both  of  these  formations  are  marked  by  abrupt  lateral  changes  Acknowledgments.  Complete  financial  support  for 
in  thickness  and  lithologv.  The  Temblor  is  divided  into  its  component  .  .  ,  .  „  _  .  .  , 
members  as  recognized  in  the  Carneros  Creek  area.  Subdivisions  of  the  expenses  incurred  during  the  period  of  field  work  as 
the  Monterey  are  made  on  the  basis  of  local  usage  ;  a  new  sandstone  well  as  in  the  preparation  of  the  original  theses  was 
member,  the  Twisselmann,  is  recognized  and  named  The  principal  provided  bv  the  Honolulu  Oil  Corporation  of  San  Fran- 
structural  features  consist  of  a  series  of  northwest-trending  folds  r.  /  L  „T  .  , 
modified  by  normal  and  reverse  faulting  and  overturning.  These  CISCO,  California.  1  hanks  are  due  to  Mr.  blmo  W.  Adams, 
structural  features  along  with  favorable  stratigraphic  conditions  Chief  Geologist  for  Honolulu  Oil  Corporation  at  the  time 
combine  to  make  the  area  of  interest  for  petroleum  exploration.  the   mfl  -^   ^  q{  the   WQrk   w&g   donp    tQ   Mr    Jo}m   H 

INTRODUCTION  McMasters,    present    Chief    Geologist,    and    to    Messrs. 

Charles  E.  Cross,  Paul  E.  McGovney,  and  Flovd  L.  John- 
Location  of  Area.     The  geology  of  about  40  square  geologists,  Honolulu  Oil  Corporation.  Dr.  Siemon  W. 

miles  in  the  eastern  foothills  of  the  Temblor  Range  in  the  

i  Arnold,  Ralph,  and  Johnson,  Marry   R.,   Preliminary  report  on 

t  Unpublished  Master's  theses,  Stanford  University,  1948.  Manu-  the  McKittrick-Sunset  oil  region,  Kei  n  and  San  Luis  ( »bispo  Counties, 

script  submitted  for  publication  June  22,  1950.  California:  U.  S.  Oeol.  Survey  Bull.  406,  pp.   1 1-225,  1  9  L0. 

*  Geologist,  Phillips  Petroleum  Company,  Denver,  Colorado.  2  English,  Walter  A.,  Geology  and  petroleum  resources  ol  nortn- 

*•  Geologist,  Fisher  Research  Laboratory,  Inc.,  Palo  Alto,  Cali-  western  Kern  County,  California:    U.   S    Geol.    Survey   Bull.    721,   pp 

fornia.  5-226,1921. 
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Fig.   1.     Index  map  showing  location  of  area. 

Muller,  Professor  of  Geology,  Stanford  University,  fur- 
nished guidance  both  in  the  completion  of  the  field  work 
and  in  the  compilation  of  the  report.  Professor  A.  Irving 
Levorsen,  Stanford  University,  was  instrumental  in  initi- 
ating the  original  project.  Appreciation  is  also  expressed 
to  the  Standard  Oil  Company  of  California  for  providing 
housing  facilities  at  its  Bitterwater  Creek  Pumping  Sta- 
tion, and  to  Mr.  Walter  Paap,  geologist,  Standard  Oil 
Company  of  California,  for  his  timely  suggestions  in  the 
field.  Paleontological  determinations  were  made  by  Carlos 
E.  Key  of  Stanford  University. 

STRATIGRAPHY 

The  sediments  present  range  in  age  from  Jurassic  to 
Recent.  From  an  economic  viewpoint,  the  Cretaceous  rocks 
are  generally  considered  as  the  basement  in  this  area  so 
that  Eocene  and  Miocene  sediments  are  those  of  primary 
interest.  In  general,  the  Tertiary  sediments  are  marked 
by  many  sharp  lateral  changes  in  both  thickness  and 
lithology.  Rapid  vertical  changes  are  also  characteristi- 
cally numerous.  The  stratigraphic  nomenclature  used  in 
this  report  as  compared  with  that  employed  by  previous 
authors  is  shown  in  table  1.  It  will  be  noted,  that  the 
nomenclature  currently  used  for  subdivisions  of  the 
Temblor  is  based  principally  on  the  type  section  of  the 
Temblor  as  exposed  in  the  Carneros  Creek  area.  The 
subdivisions  of  the  Monterey  are  based  for  the  most  part 
on  common  usage  in  adjacent  localities. 

Jurassic  and  Cretaceous 

The  pre-Tertiary  rocks  in  the  area  are  considered 
to  be  of  slight  importance  as  potential  commercial  oil  or 


gas  producers  ;  therefore,  they  are  not  discussed  in  detail 
The  Jurassic  is  represented  in  an  isolated  occurrence  of 
serpentine  and  red  and  green  chert,  projecting  through 
Cretaceous  rocks  and  partially  concealed  by  Plio-Pleisto 
cene  Tulare  sediments.  The  Jurassic  outcrop  is  located 
in  sees.  33  and  34,  T.  27  S.,  R.  18  E.,  and  sees.  3  and  4,  T 
28S.,R.  18  E. 

The  Cretaceous  rocks  have  a  greater  areal  exposure 
and  consist  of  48004-  feet  of  undifferentiated  olive-drab 
shale,  sandstone,  and  thin  beds  of  limestone.  They  crop 
out  in  and  to  the  west  of  Cedar  Canyon  on  the  overturned 
west  flank  of  the  Cedar  Canyon  syncline  and  also  form 
the  exposed  core  of  the  Raven  Pass  anticline.  A  small  area 
of  outcrop  is  located  in  sees.  21  and  28,  T.  26  S.,  R.  18  E 
Ammonites  including  Baculites  (L.S.J.U.  Loc.  No.  2849), 
collected  from  a  conglomeratic  bed  in  this  vicinity  indi 
cate  that  the  sediments  are  of  Upper  Cretaceous  age.  One 
Baculites  cf.  B.  chicoensis  Trask  (L.S.J.U.  Loc.  No.  2848) 
was  found  in  the  Raven  Pass  anticline  area.  The  Cre 
taceous  age  of  the  rocks  to  the  southwest  of  and  along 
Cedar  Canyon  is  based  on  lithologic  similarity  to  those 
along  the  Raven  Pass  anticline. 

Table  1 


TABLE   OF  STRATIGRAPHIC   TERMINOLOGY 


RECENT 


PLEISTOCENE 


PLIOCENE 


UPPER 
MIOCENE 


MIDDLE 
MIOCENE 


LOWER 
MIOCENE 


EOCENE 


CRETACEOUS 


JURASSIC 


ARNOLD  a 
JOHNSON,     1910 


ALLUVIUM  a 
TERRACE    DEPOSITS 


MCKITTRICK 
FORMATION 


SANTA  MARGARITA!?) 
FORMATION 

MONTEREY 
FORMATION 


VAQUEROS 
SANDSTONE 


UNDIFFERENTIATED 
MIOCENE 


TE  JON   FORMATION 


KNOXVILLE" 
CHICO  ROCKS 
? 


FRANCISCAN 
FORMATION 


ENGLISH,     1921 


ALLUVIUM  8 
TERRACE   DEPOSITS 


MC  KITTRICK 
FORMATION 


MARICOPA 
SHALE 

a 

VAQUEROS 

SANDSTONE 

UNDIFFERENTIATED 


TEJON    FORMATION 


SHASTA-CHICO 
ROCKS 


FRANCISCAN 
FORMATION 


THIS    REPORT, 
1950 


ALLUVIUM  a 
TERRACE   DEPOSITS 


FORMATION 


11 


MCDONALD 
SHALE 


*TWISSELMANN 
SANDSTONE 


GOULDl?)- 

DEVILWATER 

SHALE 


"BUTTON   BED 
SANDSTONE 


MEDIA  SHALE 


CARNEROS 
SANDSTONE 


UPPER 

SANTOS 

SHALE 


AGUA 
SANDSTONE 


POINT    OF    ROCKS 
FORMATION 


UNDIFFERENTIATED 
? 


UNDIFFERENTIATED 


•     A/EW  NAME. 
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Table   2.      Summary  of  exposed  formations 


Age 


Formation  or  member 


H 

1 

O 

M 

£> 

O 

H 

.H 

>> 

A 

CO 

H 

Description 


RECENT 


Alluvial  &  Terrace 
Gravels 


aal 


0-? 


Unsorted  alluvial  material. 


PLEISTOCENE 


PLIOCENE 


Tulare 


GTt 


0- 
400? 


Unsorted  debris  from  older  formations, 


Mohnian 


Luisian 


Relizian 


MoDonald  shale 


Tmm 


2500 


2   Devilwater  - 
Gould  shale 


Tmt 


Tmgd 


0- 
2200? 


0- 
1500 


Porcelaneous  and  siliceous  shale  with 
beds  of  buff-yellow  concretionary  lime- 
stone. Some  soft,  fissile,  silty,  sil- 
iceous shale.  Diatomaceous  in  part.  Sil- 
ty with  sandstone  beds  near  base. 

Friable  silty  to  medium-grained  sandstone, 
generally  gray  in  color  but  locally  rust 
mottled  to  tan.  Finer  and  more  silty  near 
top.  Two  shale  beds  in  upper  half.  Bio- 
clastic  reef  at  base. 

White  to  gray,  s  oft  platy  silty  shale 
with  some  porcelaneous  shale  and  some 
buff-yellow  limestone  beds.  Characterized 
by  flood  of  Valvulineria  californica. 
Hard  platy,  partly  silicified  and  locally 
tan  cherty  shale  at  base. 


"Button  bed" 
sandstone 


Ttb 


0- 
800 


Fine-  to  medium-grained  buff  sandstone 
with  hard  calcareous  bioclastic  conglomer- 
atic beds  containing  numerous  pecten  shells, 


Saucesian 


Media  shale 


Carneros  sand- 
.stone 


Upper  Santos 
shale 


Ttm 


Ttc 


Ttus 


0- 
1800 


0- 
1250 


0- 
1500 


Tan  platy  calcareous  silty  shale  with 
sandstone  beds  in  basal  part;  white-weath- 
ering hard  blocky  siliceous  shale  in  mid- 
dle and  upper. part.  Characterized  by  num- 
erous hard  buff  limestone  beds  particular- 
ly in  middle  of  section. 

Lumpy  nodular,  massively-bedded,  gray  med- 
ium to  fine-grained  sandstone.  Locally 
friable  and  massive,  or  hard,  platy,  cal- 
careous sandstone.  Some  f oss ilif erous  con- 
glomeratic lenses. 

Tan  platy,  siliceous  and  calcareous  silty 
to  sandy  shale  with  some  discontinuous 
thin  limestone  and  sandstone  beds. 


Zemorrian 


Agua  sandstone 


Tta 


0-48 


Gray  to  buff,  fine  to  medium— grained 
friable  sandstone.  Abundant  fragments  of 
pectens . 


EOCENE 


Point  of  Rocks  sand- 
stone 


Tpr 


0- 
600 


Brown  to  white,  coarse-  to  medium-grained 
friable  sandstone  characterized  by  large 
red— brown  "cannon  ball"  concretions.  Abun- 
dant muscovite  flakes. 


CRETACEOUS 


Undifferentiated 


Ku 


5000 


Interbedded  olive-drab  clay  shale  and  fine- 
grained to  silty  calcareous  sandstone. 
Fossil  ammonites  including  Baoulites . 


JURASSIC 


Undifferentiated 


Ju 


Serpentine,  red  and  green  chert. 
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Anticline  i  overturned   onticline 

_1 M  Syncline-,  overturned  syncline 

'  -c — ■  -  Fault,  showing  relative  movement 


___ ___     Thrust  fault.  'Vindicates  upper  block 
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Fig.   2.     Names  of  geographic  and  geologic  features  in  the 
Bitterwater  Creek  area. 
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Alluv 


Recent 

Ool 

Oto 

QT1  Tulare  fo 


Tmm  McDonald  shale 


Tfb  Button  bed    sondston 


Tim  Medio   sha 


Ttus  Upper  Sontos 


Tto  Agua    sands 


Tk 

Tpr 

Point  of  Rochs  sandstone 


Cretaceous 
undifferentiated 


Ju  undifferentiated 


17 


£ 




Contacts-,  dashed 
if  indefinite 
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27 
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== 
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anticline 

-H- 
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Strike  ond  dip  of  bed 
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Eocene 
Point  of  Rocks  Formation 

The  Point  of  Rocks  formation  is  exposed  along  the 
northeast  side  of  Cedar  Canyon  unconformably  overlying 
the  Cretaceous  rocks.  At  the  mouth  of  Cedar  Canyon  where 
it  joins  Bitterwater  Creek,  a  maximum  thickness  of  600 
feet  is  exposed.  Southeastward  along  the  strike  there  is  a 
gradual  decrease  in  apparent  thickness  due  to  the  pro- 
gressive overlapping  of  the  sandstone  by  the  overlying 
upper  Santos  shale,  until  the  sandstone  completely  dis- 
appears in  the  northeastern  part  of  sec.  34,  T.  27  S.,  R. 
18  E.  In  portions  of  the  Cedar  Canyon  section,  the  Point 
of  Rocks  is  difficult  to  distinguish  from  the  discontinuous 
sandstone  lenses  within  the  overlying  upper  Santos  shale. 

In  the  Shale  Hills  the  Point  of  Rocks  is  exposed  along 
the  axial  trace  of  the  First  anticline  (fig.  2)  at  Shale  Point 
and  in  the  vicinity  of  the  Rio  Grande  Oil  Company's  well, 
Utting  No.  1,  in  the  northwest  part  of  sec.  7,  T.  27  S.,  R. 
18  E.  It  is  present  also  from  east-central  sec.  1,  T.  27  S., 
R.  18  E.,  northwesterly  to  Packwood  Creek,  and  in  iso- 
lated outcrops  along  the  northwesterly  continuation  of 
the  First  anticline  north  of  Packwood  Creek.  Along  the 
First  anticline,  the  Point  of  Rocks  is  overlain  with  appar- 
ent disconformity  by  the  McDonald  shale  member  of  the 
Monterey  formation,  with  the  exception  of  the  exposure 
in  sec.  27,  T.  26  S.,  R.  18  E.,  where  it  is  overlain  by  the 
Twisselmann  sandstone  member  of  the  Monterey  forma- 
tion. The  average  thickness  of  the  Point  of  Rocks  sand- 
stone in  the  Shale  Hills  vicinity  is  difficult  to  determine. 
In  sec.  7,  T.  27  S.,  R.  18  E.,  well  logs  give  an  approxi- 
mate thickness  of  200  feet;  the  Superior  Oil  Company's 
Ryan  No.  1  well  in  the  southwest  corner  of  sec.  36,  T.  26 
S.,  R.  18  E.,  encountered  1900  feet  of  Point  of  Rocks. 
The  northwesternmost  exposure  of  the  Point  of  Rocks  is 
in  sec.  27,  T.  26  S.,  R.  18  E. ;  its  northern  limit  of  sub- 
surface control  is  in  sec.  26,  T.  26  S.,  R.  18  E.,  where  the 
Continental  Oil  Company's  well  Mabury  No.  3  logs  Eo- 
cene Point  of  Rocks  sandstone  overlying  the  Domengine 
sandstone.  As  the  Cretaceous  is  in  contact  with  the  Mio- 
cene Twisselmann  sandstone  in  sec.  28,  T.  26  S.,  R.  18  E., 
it  is  concluded  that  the  Point  of  Rocks  sandstone  is  wedged 
out  completely  to  the  northwest  in  Antelope  Valley,  where 
it  probably  is  truncated  by  either  the  McDonald  shale  or 
Tulare  sediments. 

In  all  its  occurrences  the  Point  of  Rocks  formation  is 
a  coarse-  to  medium-grained  sandstone  characterized  by 
the  presence  of  numerous  red-brown  "cannonball"  con- 
cretions of  calcarinate  sandstone  up  to  4  or  5  feet  in  di- 
ameter. Outcrops  consist  of  massive,  porous,  poorly  sorted, 
cavernous,  arkosic  sandstone  with  no  apparent  bedding. 
Colors  are  light  gray  and  gray  to  tan  on  fresh  surfaces. 
Commonly  the  rock  weathers  to  hues  of  red  and  red- 
brown.  Mineralogically,  the  sandstone  consists  of  angular 
and  some  subangular  grains  of  quartz,  plagioclase,  ortho- 
clase,  dark  chert,  unidentified  ferromagnesian  minerals 
and  biotite  flakes.  The  leaching  of  the  calcium  carbonate 
cement  produces  a  light-colored  friable  sandstone.  The 
remaining  interstitial  material  is  commonly  white  and 
chalky  in  appearance  and  is  present  in  the  sandstone  at 
all  outcrops.  Joints  are  irregular  and  are  filled  with  cal- 
careous material.  Outer  surfaces  of  the  friable  portions 
are  locally  indurated  or  "case-hardened". 

In  Cedar  Canyon,  the  Eocene  sandstone  has  been 
mapped  previously  as  the  Tejon  formation.  In  the  Shale 


Hills,  the  sandstone  and  shale  previously  mapped  as 
Vaqueros  and  Maricopa,  respectively,  were  both  included 
by  English  3  in  a  single  undifferentiated  unit.  Of  this  un- 
differentiated unit,  the  sandstone  overlying  the  Cretaceous 
on  the  east  flank  of  the  Raven  Pass  anticline  is  Miocene, 
whereas  the  sandstone  exposed  in  the  First  anticline  in 
the  Shale  Hills  is  thought  to  be  the  Eocene  Point  of  Rocks. 
Identification  of  the  latter  sandstone  as  the  Point  of  Rocks 
is  based  on  lithological  and  mineralogical  characteristics. 
The  distinctive  "cannon  ball"  concretions  and  cavernous 
character  of  the  exposures  permit  correlation  of  the  sand- 
stone in  the  First  anticline  with  the  Eocene  rocks  exposed 
in  Cedar  Canyon,  with  those  in  the  southeast  part  of  sec. 
31,  T.  27  S.,  R.  19  E.,  along  the  axial  trace  of  the  McDon- 
ald anticline,  and  with  those  at  the  Point  of  Rocks  in  T.  26 
S.,  R.  18  E.,  the  type  locality  of  the  Point  of  Rocks  for- 
mation. 

Miocene 
Temblor   Formation 

The  Temblor  formation  as  such  is  traceable  from  its 
type  locality  at  Carneros  Creek  northward  to  Bitterwater 
Creek.  In  places,  however,  the  lithologic  identity  of  the 
various  members,  particularly  the  sandstones,  is  doubtful 
or  obscure  due  to  changes  in  facies  and  because  of  soil 
cover.  The  use  of  the  names  upper  Santos  shale,4  Car- 
neros sandstone,5  Media  shale,"  and  "Button  bed"  sand- 


3  English,  W.  A.,  op.  cit. 

4  Gester,  G.  C,  and  Galloway,  John,  Geology  of  the  Kettleman 
Hills  oil  field,  California:  Am.  Assoc.  Petroleum  Geologists  Cull.,  vol. 
17,  no.  10,  fig.  3,  pp.  1159,  1933. 

5  Cunningham,  G.  M..  and  Barbat,  W.  F.,  Age  of  the  producing 
horizon  at  Kettleman  Hills,  California  :  Am.  Assoc.  Petroleum  Geolo- 
gists Bull.,  vol.  16,  no.  4,  pp.  419-421,  1932. 

8  Op.  cit. 


Fig.   3.     "Cannonball"  concretions  in  the  Eocene  Point  of  Rocks  sand- 
stone in  Cedar  Canyon.  Hammer  indicates  scale. 
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stone,7  nevertheless  is  justified  by  the  fact  that  the  shale 
members  contain  foraminiferal  assemblages  characteristic 
of  the  same  units  in  their  type  areas.  The  type  Carneros 
sandstone  is  at  Carneros  Creek,  and  although  never  so 
designated  formally,  the  type  localities  of  the  Santos  and 
Media  shales  are  presumably  at  the  nearby  Santos  and 
Media  Agua  Creeks  respectively. 

The  lowest  exposed  member  of  the  Temblor  in  this 
area  is  the  Agua  sandstone.  In  this  connection  Clark  8 
states : 

"Vaqueros  fossils,  including  Ostrea  vaquerosensis  and  Pecten 
magnolia,  have  recently  been  found  at  several  localities  in  a  sand- 
stone member  oeeuring  in  the  upper  part  of  the  Santos  shale.  This 
sandstone  member,  here  referred  to  as  the  'Agua  sandstone',  is  trace- 
able from  the  vicinity  of  Carneros  Creek  to  the  mouth  of  Cedar  Can- 
yon, several  miles  farther  northwest,  and,  in  places,  reaches  a  thick- 
ness of  more  than  300  feet." 

In  Cedar  Canyon,  the  Agua  sandstone  is  in  apparent 
conformity  with  the  upper  Santos  shale.  The  lower  Santos 
shale  does  not  crop  out  in  the  area. 

It  is  not  possible  to  trace  the  ' '  Button  bed ' '  from  the 
type  locality  at  Carneros  Creek  to  the  Bitterwater  Creek 
area  as  it  disappears  under  soil  cover  9  in  the  northwest 
corner  of  sec.  17,  T.  28  S.,  R.  19  E.  Foraminiferal  data 
from  the  underlying  shales  in  the  area,  however,  place  the 
uppermost  Temblor  sandstone  in  the  same  stratigraphic 
position  as  the  type  "Button  bed".  The  use  of  the  name 
"Button  bed"  in  the  Bitterwater  Creek  area,  therefore, 
is  thought  to  be  valid. 

The  Temblor  formation  as  exposed  in  the  Bitterwater 
Creek  area  is  composed  of  a  variety  of  sandstones  and 
shales  with  numerous  intermediate  gradations  both  ver- 
tically and  horizontally.  Deposition  took  place  under  con- 
tinually changing  conditions,  producing  diversified  sedi- 
ments. Frequently,  repetition  of  a  particular  set  of 
conditions  has  resulted  in  the  presence  of  identical  strata 
at  different  stratigraphic  horizons.  The  sediments  range 
from  porcelaneous  shale  to  fine-grained  sandstone  and  to 
coarse,  gritty  sandstone  with  conglomeratic  lenses.  The 
contacts  between  the  different  members  are  commonly 
gradational  and  are  complicated  by  rapid  changes  in  thick- 
ness due  to  sudden  lateral  variations.  There  is  a  marked 
thickening  of  all  members  of  the  Temblor  cropping  out  in 
the  area  immediately  northwest  of  Bitterwater  Creek. 
Although  faunal  control  is  fairly  satisfactory  the  absence 
of  foraminifers  in  many  places  in  the  shales  hampers  pre- 
cise correlation  on  a  zone  level. 

Agua  Sandstone  Member.  Unconformably  overlying 
the  Point  of  Rocks  sandstone  are  48  feet  of  the  Agua  sand- 
stone. This  is  the  maximum  thickness  exposed  at  the  mouth 
of  Cedar  Canyon.  To  the  southeast,  along  Cedar  Canyon, 
the  sandstone  is  overlapped  by  upper  Santos  shale.  For 
1000  feet  along  the  strike,  from  its  northwesternmost 
exposure  at  the  mouth  of  Cedar  Canyon,  the  Agua  sand- 
stone has  a  basal  £-  to  1-foot  thick  bed  of  a  gritty  texture, 
characterized  by  Pecten  magnolia  Conrad,  Pecten  perrini? 
Arnold,  and  fragments  of  oysters.  The  sandstone  consists 
of  medium  to  coarse,  subangular  grains  of  quartz  and 
orthoclase  as  well  as  rounded  grains  of  dark  chert.  Abun- 


dant muscovite  and  glauconite  distinguish  the  Agua  sand- 
stone from  the  underlying  Point  of  Rocks  sandstone. 

In  the  south-central  part  of  sec.  30,  T.  27  S.,  R.  19  E., 
in  the  McDonald  anticline,  a  bioclastic  bed  which  contains 
Pecten  magnolia  Conrad  locally  overlies  the  Point  of 
Rocks  formation.  It  has  also  a  lithology  similar  to  that  of 
the  Agua  sandstone  in  Cedar  Canyon,  and  therefore  may 
possibly  be  identified  as  the  Agua.  Data  from  the  Signal- 
Honolulu  Oil  Company's  No.  1  and  2  Carpenter  wells  in 
sec.  6,  T.  28  S.,  R.  19  E.,  indicate  that  the  upper  Santos 
shale,  Carneros  sandstone,  and  Media  shale  are  trans- 
gressed by  the  "Button  bed"  sandstone.  The  Agua  sand- 
stone is  believed  to  overlie  the  Point  of  Rocks  uninter- 
ruptedly from  Cedar  Canyon  to  the  McDonald  anticline 
and  is  not  truncated  by  the  "Button  bed"  sandstone  as 
are  the  intervening  Temblor  members. 

Upper  Santos  Shale  Member.  At  the  mouth  of  Cedar 
Canyon,  274  feet  of  the  upper  Santos  shale  conformably 
overlie  the  Agua  sandstone.  At  the  base  immediately 
above  the  Agua,  there  is  an  estimated  thickness  of  25  to  50 
feet  of  chocolate-brown  to  dark  gray  clay  shale.  The  clay 
shale  is  overlain  by  thinly  laminated,  locally  silty,  tan, 
porcelaneous  shale  which  makes  up  the  remaining  thick- 
ness of  the  upper  Santos.  The  lower  clay  shale  has  poor 
exposures  in  gullies  and  its  soil  consists  of  small,  light 
gray  chips.  In  contrast,  the  upper  porcelaneous  shale  is 
hard  and  platy,  and  has  well-exposed  outcrops.  Lenses  of 
dense,  rusty -brown  limestone,  1  foot  to  2  feet  thick,  appear 
at  stratigraphic  intervals  of  10  to  20  feet  in  the  upper 
platy  shale ;  in  addition,  lenses  of  sandstone  from  10  to 
15  feet  in  thickness  are  also  interbedded  with  the  upper 
shale.  Though  discontinuous,  these  lenses  may  be  traced 
for  several  hundred  feet  before  they  disappear.  Usually 
at  least  two  sandstone  lenses  are  present.  They  consist  of 
medium-sized  angular  grains  of  quartz,  feldspar,  and  a 
minor  amount  of  chert.  The  sorting  is  fair.  Mineralogi- 
cally,  the  lenses  of  sandstone  are  distinguished  from  the 
Point  of  Rocks  formation,  wherever  the  two  are  in  con- 
tact, by  the  lack  of  biotite  in  the  upper  Santos. 

The  Carneros  sandstone  member  pinches  out  as  it 
crosses  Bitterwater  Creek  northwestward,  and  the  means 
of  separation  of  the  upper  Santos  shale  from  the  Media 
shale  is  lost.  Aside  from  meager  foraminiferal  data,  there 
are  not  certain  lithologic  criteria  to  distinguish  the  upper 
Santos  from  the  Media  on  the  northwest  side  of  Bitter- 
water Creek.  From  the  Tulare  overlap  in  sees.  18  and  19,  j 
T.  27  S.,  R.  18  E.,  northeastward  to  the  outcrop  of  the 


'Anderson,  F.  M.,  A  stratigraphic  study  in  the  Mount  Diablo 
Range  of  California  :  California  Acad.  Sci.  I'roc,  :Jd  ser.,  vol.  2,  no.  2, 
1905. 

8  Clark,  L.  M.,  and  Clark,  Alex,  The  Vaqueros  in  the  Temblor 
Range  (abst)  :  Am.  Assoc.  Petroleum  Geologists  Bull.,  vol.  19,  no.  1, 
p.  137,  1935. 

"  Parsons,  Kenneth  R.,  The  Texas  Company,  oral  communication. 


Fig.   4. 


Eocene  Point  of  Rocks  sandstone  as  exposed  along  the  axial 
trace  of  the  First  anticline  in  sec.  1,  T.  27  S.,  R.  18  E. 
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"Button  bed"  sandstone  on  the  west  flank  of  the  Cedar 
Canyon  syncline,  the  combined  thickness  of  the  upper 
Santos  and  Media  shales  is  approximately  3500  feet ;  from 
the  Tulare  overlap  to  the  projected  outcrop  of  the  Car- 
neros  sandstone  in  the  west  central  portion  of  sec.  20,  the 
maximum  exposed  thickness  of  the  upper  Santos  shale  is 
about  1500  feet.  Thus,  there  is  an  unusual  disparity  in  the 
thickness  of  the  upper  Santos  shale  between  outcrops 
south  of  Bitterwater  Creek  where  the  maximum  exposed 
thickness  of  the  upper  Santos  is  274  feet  and  those  north 
of  Bitterwater  Creek.  A  large  part,  if  not  all,  of  the  upper 
Santos  as  well  as  much  of  the  Media  shale  in  the  area 
immediately  northwest  of  Bitterwater  Creek  in  sees.  18, 
19,  and  20  grades  laterally  into  the  Carneros  sandstone  as 
it  appears  nearby  to  the  northeast  along  the  axial  trace 
of  the  McDonald  anticline. 

Carneros  Sandstone  Member.  The  Carneros  sand- 
stone member  conformably  overlies  the  upper  Santos  shale 
and  is  in  turn  conformably  overlain  by  the  Media  shale. 
At  the  mouth  of  Cedar  Canyon  it  attains  a  thickness  of 
123  feet.  About  a  mile  southeastward  it  is  103  feet  thick 
and  in  the  northwest  part  of  sec.  34,  T.  27  S.,  R.  18  E.,  it 
is  88  feet  thick.  From  this  point  southeastward  along  the 
strike  the  thickness  is  difficult  to  determine  because  the 
fine  sandstone  at  the  top  is  poorly  exposed  and  apparently 
grades  into  the  overlying  Media  shale.  Southeastward 
through  sees.  34  and  35,  T.  27  S.,  R.  18  E.,  the  Carneros 
becomes  discontinuous.  It  is  impossible  to  tell  whether  this 
is  due  to  lenticularity  of  the  sandstone  or  to  overlap  by 
the  Media  shale.  Lenticularity  is  thought  to  be  the  most 
likely  explanation.  Northwestward  from  the  mouth  of 
Cedar  Canyon,  the  Carneros  sandstone  extends  across 
Bitterwater  Creek  from  sees.  28  and  29  to  sec.  20,  where  it 
disappears  in  an  apparent  lateral  gradation  into  the  upper 
Santos  and  Media  shales. 

Along  the  axial  trace  of  the  McDonald  anticline 
through  sees.  7,  8,  and  17,  T.  27  S.,  R.  18  E.,  the  Carneros 
sandstone  has  a  minimum  exposed  thickness  of  1250  feet. 
As  no  sediments  underlying  the  Carneros  crop  out  along 
the  axial  trace  of  this  anticline,  it  is  impossible  to  deter- 
mine just  how  thick  the  Carneros  actually  is  in  this  part 
of  the  area.  As  the  maximum  thickness  exposed  in  the 
adjacent  Cedar  Canyon  section  is  only  123  feet,  the  sud- 
den change  in  thickness  is  striking  and  is  probably  due  to 
a  rapid  change  in  facies.  A  large  part  of  the  Media  and 
upper  Santos  shales  present  on  the  southwest  flank  of  the 
Cedar  Canyon  syncline,  sees.  18,  19,  and  20,  T.  27  S.,  R. 
18  E.,  changes  laterally  into  the  Carneros  sandstone  as 
shown  by  the  decrease  in  the  thickness  of  the  Media  shale 
between  its  outcrops  on  the  southwest  limb  of  the  Cedar 
Canyon  syncline  and  its  exposures  on  the  flanks  of  the 
McDonald  anticline  and  by  the  different  lithologies  pres- 
ent in  the  sandstone  composing  the  Carneros  outcrops 
along  the  axial  trace  of  the  McDonald  anticline. 

The  most  common  lithologic  type  is  a  very  hard,  me- 
dium- to  fine-grained  calcarinate  tan  to  gray  sandstone. 
Nearly  all  of  the  outcrops  of  this  sandstone  have  a  lumpy, 
nodular  character  resulting  from  the  brecciation  of  the 
rock  during  deformation.  Recementation  by  calcareous 
material  has  produced  an  indurated  and  resistant  rock. 
A  second  type  of  sandstone  is  essentially  the  same  except 
for  the  lack  of  a  calcareous  cementing  material.  Outcrops 
consist  of  buff-colored  friable  sandstone.  A  third  type  con- 


sists of  well-bedded,  fine-grained  to  silty,  buff  calcarinate 
sandstone  which  weathers  into  tan,  platy  fragments  re- 
sembling the  tan  shale  of  the  upper  Santos.  Fossiliferous 
beds  in  the  Carneros  of  the  McDonald  anticline  have  an 
irregular  stratigraphic  occurrence.  Many  of  them  contain 
fragments  of  unidentified  echinoderms,  pectens,  and  oys- 
ters as  well  as  pebbles  of  quartz,  dark  chert,  and  fractured, 
rusty-brown  limestone  imbedded  in  a  matrix  of  medium- 
to  coarse-grained  sandstone.  Holes  bored  by  mollusks  and 
subsequently  filled  by  sand  are  common  in  the  limestone 
pebbles,  and  indicate  near-shore  conditions  of  deposition. 
Mineralogically,  the  Carneros  sandstone  consists  of  quartz, 
feldspar,  occasional  muscovite  flakes,  and  a  minor  amount 
of  indeterminate  dark  grains. 

Media  Shale  Member.  The  Media  shale  member  of 
the  Temblor  formation  conformably  overlies  the  Carneros 
and  apparently  is  conformably  overlain  by  the  "Button 
bed"  sandstone.  Prominent  outcrops  of  the  unit  are 
present  on  the  southwest  flank  of  the  Cedar  Canyon 
syncline.  Additional  outcrops  flank  the  McDonald  anti- 
cline northwest  of  Bitterwater  Creek.  The  Media  varies 
greatly  in  thickness ;  outcrops  on  the  southwest  flank  of 
the  Cedar  Canyon  syncline  have  a  measurable  thickness 
of  1500  to  2300  feet.  Outcrops  bordering  the  Carneros 
along  the  McDonald  anticline  are  500  to  800  feet  thick. 

Lithologically,  the  Media  ranges  from  tan,  platy, 
silty  shale  to  light-colored,  hard,  porcelaneous  and  sili- 
ceous shale.  Generally  there  is  a  gradual  lithologic  change 
upward  from  the  upper  Santos  through  the  Media.  The 
sandstone  lenses  common  in  the  lower  portion  of  the  Media 
and  upper  Santos  disappear,  and  there  is  a  decrease  in 
the  amount  of  sandy  and  silty  shale.  Higher  in  the  Media 
section  the  sandstone  lenses  are  displaced  by  conspicuous 
limestone  beds.  The  shale  becomes  predominantly  sili- 
ceous with  variations  of  off-white,  blocky,  porcelaneous 
shale  and  gray,  platy,  silty  shale.  On  fresh  surfaces,  the 
platy  shale  often  appears  light  violet  or  purple.  Litholog- 
ically the  siliceous  shale  in  the  upper  part  of  the  Media  is 
identical  with  shale  found  in  the  McDonald  member  of  the 
Monterey.  The  increased  siliceous  character  and  hardness 
of  the  Media  toward  the  top  of  the  section  results  in  an 
increased  resistance  to  weathering  which  is  perhaps  indi- 
cated by  the  rise  in  topography  northeastward  from  the 
base  to  the  top  of  the  shale. 


Fig. 


Conglomeratic  bed  in  the  Carneros  sandstone  member 
of  the  Temblor. 
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Fig.   6.      Prominent  calcareous  beds  in  the  Media  shale  member  of  the 
Temblor.  The  distance  from  left  to  right  in  the  middle  of  the  illustra- 
tion is  approximately  1300  feet. 

The  most  characteristic  lithologic  feature  of  the 
Media  is  the  presence  of  numerous  hard,  rust  and  buff- 
colored  limestone  beds.  The  limestone  beds  average  about 
3  feet  in  thickness  and  occur  predominantly  in  the  middle 
third  of  the  section  at  stratigraphic  intervals  of  15  to  20 
feet.  They  range  from  almost  pure  limestone  to  very  sandy 
limestone ;  silty  limestone  is  the  most  common.  The  beds 
stand  out  prominently  and  are  valuable  as  structural  and 
stratigraphic  markers  even  though  they  are  not  individ- 
ually continuous  for  any  great  distance  along  the  strike. 

Diatoms  and  foraminifers,  although  not  very  abun- 
dant, are  present  throughout  the  Media  shale  so  that 
faunal  control  may  be  considered  fair.  In  the  upper  third 
of  the  section  the  foraminifers  have  been  leached  out  so 
that  only  external  molds  are  left.  An  attendant  silicifica- 
tion  of  the  shale  appears  to  be  associated  with  the  leach- 
ing, for  wherever  there  are  only  impressions  of  foramini- 
fers the  shale  is  harder  and  more  porcelaneous.  In  the 
basal  part  of  the  Media  in  sec.  20,  T.  27  S.,  R.  18  E.,  a 
coarse-grained  and  pebbly  sandstone  lens  was  found  that 
yielded  numerous  pelecypod  fragments  as  well  as  two 
specimens  of  Turrit ella  ocoyana  Conrad. 

The  contacts  between  the  Media  shale  and  the 
Carneros  sandstone  and  between  the  Media  shale  and  the 
"Button  bed"  sandstone  are  generally  fairly  distinct. 
AVhere  the  "Button  bed"  sandstone  is  absent,  as  in  sec. 
8,  T.  27  S.,  R.  18  E.,  the  contact  between  the  Media  shale 
and  the  shales  of  the  Monterey  formation  has  been  drawn 
on  foraminiferal  evidence  combined  with  projection  along 
the  strike  of  the  last  occurrence  of  the  ' '  Button  bed ' '  sand- 
stone. The  contact  between  the  Media  and  the  upper 
Santos  where  the  Carneros  is  absent  has  been  determined 
in  the  same  manner.  Where  the  intervening  sandstone 
members  are  absent  there  is  often  little  or  no  lithologic 
evidence  to  delineate  between  the  different  shale  units  of 
the  Temblor  and  the  Monterey  formations. 

"Button  Bed"  Sandstone  Member.  The  "Button 
bed"  sandstone  is  the  youngest  member  of  the  Temblor 
formation  present  in  the  area.  It  overlies  the  Media  shale 
with  apparent  conformity  and  is  overlain  similarly  by 
the  shales  of  the  Monterey  formation.  There  is  no  field 
evidence  to  indicate  an  unconformity  between  the  Media 
shale  and  the  "Button  bed"  sandstone;  the  contact 
between  the  two  members  is  generally  clear  and  well- 
defined.  In  addition,  there  is  no  indication  of  divergence 


between  the  upper  Media  limestone  beds  and  bedding 
in  the  "Button  bed"  sandstone.  Nevertheless,  data  from 
wells  in  sec.  6,  T.  27  S.,  R.  19  E.,  slightly  to  the  south- 
east of  the  area  covered  by  this  report,  show  that  the 
"Button  bed"  sandstone  is  a  highly  transgressive  unit 
which  overlaps  the  Media  and  other  underlying  members 
of  the  Temblor.  Additional  evidence  for  this  is  found  in 
sees.  30  and  31,  T.  27  S.,  R.  19  E.,  where,  with  the  excep- 
tion of  localized  outcrops  of  the  Agua  sandstone,  the 
"Button  bed"  is  found  resting  directly  upon  the  Eocene 
Point  of  Rocks  formation.  This  "Button  bed"  sandstone 
member  has  the  same  stratigraphic  position  as  the  type 
"Button  bed"  sandstone  of  the  Carneros  Creek  section; 
however,  it  differs  somewhat  in  lithology  and  in  faunal 
content  principally  by  the  absence  of  fossil  echinoderms, 
which  are  the  "buttons"  characteristic  of  the  member  at 
its  type  locality. 

Outcrops  of  the  sandstone  are  present  on  both  flanks 
of  the  Cedar  Canyon  syncline  and,  in  part,  on  the  north- 
east flank  of  the  McDonald  anticline.  In  these  outcrops, 
the  thickness  ranges  from  a  knife  edge  to  800  feet.  The 
thickest  section  is  present  on  the  southwest  limb  of  the 
Cedar  Canyon  syncline  through  sees.  17,  20,  and  21,  T. 
27  S.,  R.  18  E.  The  "Button  bed"  member  is  not  per- 
sistent but  pinches  out  and  reappears  in  a  number  of 
places.  Surface  outcrops  are  missing  completely  northwest 
of  Packwood  Creek  on  the  northeast  limb  of  the  McDonald 
anticline.  The  last  occurrence  to  the  northwest  along  the 
strike  is  a  small  lens  about  60  feet  thick  cropping  out  in 
Packwood  Creek  in  the  southeast  quarter  of  sec.  8  T.  27 
S.,  R.  18  E. 

On  the  flanks  of  the  Cedar  Canyon  syncline  in  sec. 
21,  as  well  as  in  the  Cedar  Canyon  section  to  the  south- 
east, the  "Button  bed"  consists  of  friable  to  moderately 
well-consolidated,  buff -colored,  fine-  to  medium-grained 
sandstone  with  occasional  round  sandstone  concretions. 
In  hand  examination  quartz  alone  can  be  identified ;  but 
microscopic  examination  reveals  quartz,  orthoclase,  and 
plagioclase  in  about  equal  porportions,  a  minor  amount 
of  muscovite  and  glauconite,  and  occasional  highly  altered 
remnants  of  ferron^agnesian  minerals.  In  portions  of  the 
Cedar  Canyon  section  there  is  a  large  amount  of  shell 
material  in  the  basal  part  of  the  sandstone. 
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Fig.  7.      Steeply  dipping,  buff-colored  limestone  beds  interbedded 
siliceous  shales  in  the  Media  shale  member  of  the  Temblor.  These 
stone  beds  are  from  2  to  4  feet  thick. 
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however,  of  the  McDonald  shale  member  of  the  Monterev 
over  the  older  sediments.  The  fact  that  the  McDonald  and 
iwisselmann  members  are  in  contact  with  the  Cretaceous 
strata  of  the   Raven   Pass  anticline  area  and   in  contact 

s£^;*2@BM        PIIii                Ife  tV,V              °Cene  i>,,i",  of  R,K'ks  ^"nation   in  the  Shale 

Hills  area,  indicates  that  locally  there  was  either  a  pro- 
longed period  of  erosion  prior  to  the  deposition  of  the 

^  McDonald  and  Twisselmann  and  subsequent  to  the  depo- 

^SPf  Jf  ?V    0ll1ler  Tertiar-V  sediments,  or.  that  the  McDonald 

■ "  ;''v43SKF  T-         W1SSelmann  XV,M',>  deposited  under  transgrossive  con- 

':^J|PF>  \*Sm                P1H  tJlt",,nS,  ,!ias',ni,'h  as  thl'  shale  sequence  on  the  northeast 

;^*£"r      ^.W-- '."                      Krl8  ot.              McDonald  anticline  in  sees.  5,  8,  and  !)   T   "7 

JFT  >***™^gFW^k<^"*  "  »■>   B.  18  B.,   is  continuous  from   the   Carneros  contact 

?™«ftfe »&»"»*£   ^fefe   *^   »     /          «  *   "T^            M^dia'    Gould-Devihvater,    and    McDonald 

without  any  evidence  of  unconformity,  the  conclusion  is 

that  the  McDonald  shale  is  merely  a  highly  transgressive 

fig.  8.    steeply  dipping,  fossMferous  beds  in  the  "Button  bed"  mem-  member.  There  is  no  hiatus,  therefore,  between  the  Tem- 

ber  of  the  Temblor  in  sec.  17,  T.  27  S.,  R.  18  E.  The  horizontal  distance  blor  and  the  Monterey  Or  within  the  Monterev  ir^alf 

across  the  outcrop  area  lighted  by  the  sun  is  approximately  600  feet.  w^cj  ui    wiuuil  tne  lUOllterev   ltselt. 

Gould-Devilwater  Shale  Member.  The  Gould  shale  n 
Northwest  along  the  strike  from  the  outcrops,  the  and  Devilwater  12  silt  members  of  the  Monterey  are  dif- 
sandstone  undergoes  a  change  in  facies  with  the  develop-  ferentiated  elsewhere  in  the  San  Joaquin  Valley  region 
ment  of  several  fossiliferous,  gritty  to  conglomeratic  beds  on  the  basis  of  faunal  evidence.  However,  these  two  units 
interbedded  with  the  soft,  buff-colored  sandstone.  These  could  not  be  separated  by  this  same  criterion  in  the  area 
fossiliferous  beds  are  very  hard,  form  prominent  outcrops,  covered  by  this  report.  For  this  reason,  a  composite  name 
and  range  from  15  to  35  feet  in  thickness.  They  are  coarse-  Gould-Devilwater  shale,  is  used.  An  estimated  maximum 
grained  to  pebbly  in  texture  and  contain  numerous  shale,  thickness  of  1500  feet  of  this  unit  overlies  the  "Button 
limestone,  and  chert  fragments  averaging  about  a  quarter  bed  sandstone  with  apparent  conformity, 
of  an  inch  in  diameter  with  some  as  much  as  2  inches  in  In  general  two  distinct  types  of  lithology  are  pres- 
diameter.  ent  within  the  Gould-Devilwater  sequence  south  of  Bit- 
Perhaps  the  most  characteristic  feature  of  these  fos-  terwater  Creek.  Hard  silicified,  locally  cherty  and  re- 
siliferous  beds  in  the  "Button  bed"  sandstone  is  the  sistant,  platy,  tan  shale,  650  feet  thick,  with  prominent 
presence  of  numerous  poorly  preserved  valves  of  large  topographic  expression  occurs  in  the  lower  part  of  the 
pectens.  These  shells  are  often  oriented  with  the  bedding  unit  immediately  overlying  the  "Button  bed".  The  upper 
with  their  convex  side  up.  In  addition  small  gastropods  Part  of  the  unit  varies  in  lithology.  From  the  top  down- 
are  present  as  well  as  specimens  of  Pecten  (Aequipecten)  ward  it  consists  of  the  following  : 
andersoni  Arnold.  Several  outcrops  of  the  friable  buff-  Foraminiferal,    Valvulineria    californica,    Bilty 

colored  sandstone  of  the  Cedar  Canyon  section  are  very  c.fhale  ~~~"i ~, ; -.—--—      ~  10°  feet 

»      ■!•<»  Siltstone  or  fine  sandstone,  bentomtic  (?) 100  feet 

tOSSlllierouS.  Barren,  chocolate-brown  to  lavender-gray  silty 
Monterey  Formation  cla-v  shale  and  si'tstone  with  thin   intercala- 
tions of  rusty-brown  limestone 350  feet 

The  "Button  bed  "sandstone  is  overlain  conformably  Foraminiferal,    Valvulineria   californica,   platy 
by  at  least  4000  feet  of  upper  middle  and  upper  Miocene  tan  shale  with  oval-  shal-v  limestone  concre- 
shales  and  sandstone  which  are  included  in  the  Monterey  'Tan  ttWb£S"itlmtad) 
formation.   In  various  parts  of  California,  middle  and  a      •   x    „,  j-  x    xu-  i             e                  j        i   •     j.i.        -i 
„. -»,.              x     *         i.-  u           -4.         V      •        xi        t  All  intermediate  thickness  of  unexposed  rock  in  the  mid- 
upper  Miocene  strata,  which  consist  predominantly  ot  ,,       .    ,                              ,    , .                      ,,          ,    ,  . 

siliceous  shale,  have  been  demonstrated  to  be  so  much  more  than  200  feet '"                   ^  Sm 

alike  that  the  term  Monterey  formation  mav  safely  be  ,T    ,,     „  „.,'                «      ,    ,,      ,.  ,.             , 

applied  to  these  rocks  in  most  localities.   The  siliceous  +,      N+orth+of  Blt*e™a1f  Creek   the  distinction  between 

shales  of  this  area  have  been  assigned  to  the  Monterey  thes+e  tw°  ***  °f.  lltl,ol°?^  1S  „dlfi£ult    °  ™ake-  For  . *Je 

formation  as  recommended  by  Bramlette."  The  names  of  ™0'i   P?>   '        *?  i°5     fl     A      v5+         P  F'  *"*  l  7 

„,  ,            ,            •,,.     ,,  J  ,,     .           ,  shale.  Occasional  beds  of  hard,  white  porcelaneous  shale 

mappable  members  within  the  Monterev,  however,  are  re-  ,       »       ,    a      ,        ,  ,.        ,         >     ,            ■  4      „i„+„j 

.    •      i   t       -,-          •                          m        'i    i          -x       £  i.i  and  a  few  butt-colored  limestone  beds  are  intercalated, 

tamed  tor  discussion  purposes.  Two  shale  units  ot  the  m,      ,   ,  ,  ^     , ,  -^     .,                  ,.       , 

,,•     ,           »          ,.          F     '          .     ™      j   ,:«.         ,.   .    ,  The  total  Gould-Devilwater  section  here  averages  some 

Monterev  formation  are  recognized  and  differentiated —  onn(.    ,  •    ,,  •  ,  „   j  •    i-xu„i •  »n      •      i ,    +    ,  i,„i,«, 

4-u     n       j  t^      i               l  i         3  xi-     ■»*•  -n       ii     i    i       a  800  feet  in  thickness,  and  is  hthologicallv  similar  to  shales 

the  Gould-Devilwater  shale  and  the  McDonald  shale.  A  »  ,     ,  .     .,             ,    . '     ,,  n    .,,  b        J 

..  -A       ■.    o         u-i.ii.               m    •      i                   j  x        •  found  in  the  overlying  McDonald. 

third  unit,  tor  which  the  name  Twisselmann  sandstone  is  ;                                      .«»■■-,            u  j>> 

proposed,  is  present  as  a  large  sandstone  lens  occupying  Portions  of  the  contact  between  the     Button  bed 

a  stratigraphic  position  equivalent  in  part  to  the  lower  sandstone  and  the  Gould-Devilwater  shale  appear  to  be 

McDonald  and  the  upper  Gould-Devilwater.  gradational  in  the  Cedar  Canyon  section.  Foranimifera 

The  Monterev  formation  conformably  overlies  the  with  affinities  to  the  fauna  of  the  type  Could  occur  in  a 

Temblor  and  is  unconformably  overlain  by 'the  Plio-Pleis-  transitional  sequence  at  the  top  of  the    Button  bed     sand- 

tocene  Tulare  formation.  There  is  considerable  overlap,  »  Barbat,  w.  e.,  Age  of  the  producing  horizon  at  Kettieman 

Hills,  »'aiifornia:  Am.  Assoc.  Petroleum  Geologists  Bull.  vol.  16,  n<.    r,, 

10Bramlette,  M.  N.,  The  Monterev  formation  of  California  and  pp.  611-612,  1932.  

the  origin  of  its  siliceous  rocks:  U.  S.  Geological  Survey  Prof.  Paper  "Bailey,  W.  C,  Wasco  oil  field :   Div.  Oil  and  Gas,  Summarj   of 

no.  212,  pp.  3,  1946.  Operations,  vol.  24,  no.  3,  p.  7,  J *M  J. 
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stone  and  at  the  base  of  the  overlying  hard  platy  shale  of 
the  Gould-Devilwater.  No  foraminifers  of  diagnostic  value 

were  found  for  approximately  650  feet  stratigraphically 
above  tins  transitional  sequence.  The  650  feet  of  hard 
platy  shale  could  possibly  be  considered  as  Gould.  Litho- 
logically,  however,  it  is  difficult  to  distinguish  it  from 
the  shales  st  ratigraphically  higher. 

Despite  the  fact  that  the  foraminifers  at  the  base  of 
the  lower  hard  platy  shale  are  similar  to  those  in  the  "But- 
ton bed"  sandstone,  the  general  continuity  in  lithology 
from  this  lower  shale  to  the  upper  part  of  the  Gould- 
Devilwater,  and  also,  the  siliceous  character  of  the  lower 
shale  require  that  it  be  recognized  as  a  part  of  the  Mon- 
terey rather  than  the  Temblor  formation. 

North  of  Bitterwater  Creek  through  sees.  5,  8,  9,  and 
16,  T.  27  S.,  R.  18  E.,  the  major  part  of  the  shale  unit 
mapped  as  Gould-Devilwater  is  characterized  by  a  flood 
of  Valvulineria  californica.  This  fauna  also  is  present  in 
some  of  the  shales  outcropping  along  the  axial  trace  of 
the  Cedar  Canyon  syncline. 

Twisselmann  Sandstone  Member.  The  name  Twis- 
selmann  is  applied  in  this  report  to  the  prominent  sand- 
stone member  of  the  Monterey  formation  in  the  Bitter- 
water  Creek  area.  The  type  locality  of  this  member  is  in 
the  vicinity  of  C.  Twisselmann's  deserted  ranch  buildings 
located  in  the  northwest  corner  of  the  northeast  quarter 
of  sec.  14,  T.  27  S.,  R.  18  E.  Specifically,  typical  outcrops 
of  the  sandstone  are  exposed  in  the  northern  portion  of 
sec.  14,  the  southwestern  portion  of  sec.  11,  and  the  north- 
eastern portion  of  sec.  10,  T.  27  S.,  R.  18  E.  The  Twissel- 
maim  has  a  maximum  thickness  of  2200  feet  in  its  type 
area,  where  it  unconformably  overlies  the  Cretaceous  and 
is  overlain  conformably  by  the  McDonald  shale.  The  prin- 
cipal outcrops  of  the  Twisselmann  are  along  the  northeast 
flank  of  the  Raven  Pass  anticline ;  however,  other  outcrops 
are  present  at  several  localities  in  the  area.  The  areal  ex- 
tent of  the  unit  and  the  variation  in  its  thickness  from  the 
maximum  exposed  at  the  type  locality  are  clearly  shown 
in  plate  1. 

The  immediate  area  surrounding  these  outcrops  is 
characterized  by  many  structural  as  well  as  stratigraphic 
complexities.  Much  difficulty  was  experienced  in  placing 
the  stratigraphic  position  of  the  unit  accurately  in  rela- 
tion to  the  Gould-Devilwater  shale  and  to  the  McDonald 
shale.  Previous  published  reports  on  the  area  by  Arnold 
and  Johnson  13  and  English,14  show  the  unit  as  the  Va- 
queros  sandstone.  However,  foraminiferal  evidence  ob- 
tained during  the  present  survey  indicates  that  the  unit 
is  considerably  higher  in  the  stratigraphic  column. 

Microfossil  samples  collected  from  a  shale  bed  15  in 
the  upper  part  of  the  Twisselmann  contain  a  faunal  as- 
semblage almost  identical  with  that  collected  from  the 
McDonald  along  the  Miocene-Cretaceous  contact  on  the 
southwest  flank  of  the  Raven  Pass  anticline.  The  fauna  in 
these  samples  indicates  an  early  Mohnian  age  for  both  the 
McDonald  and  the  upper  part  of  the  Twisselmann.  Thus, 
at  least  a  portion  of  the  Twisselmann  is  equivalent  to  part 


"  Arnold,  Ralph,  and  Johnson,  Harry  R.,  Preliminary  report  on 
tin-  McKitterick-Sunset  oil  region,  Kern  and  San  Luis  Obispo  Coun- 
ties. California:  V.  S.  Geol.  Survey  Hull.  406,  pi). 

"  English,  Walter  A.,  Geology  and  petroleun 


spo 
U-L'LT),   1910. 
..jm  resources  of  north- 
western  Kern  County,  California:   U.  S.  Geol.  Survey  Bull.   721,  pp. 
5-226,  1921. 

ishman,  Joseph  A.,  and  Goudkoff,  Paul  I'.,  A  new  species  of 
Pulvinulinella  from  the  California  Miocene:  Cushman  Lab  Foram 
Research  t  'ontr.,  vol.  14,  no.  1,  pp.  1-2,  1938. 


of  the  McDonald.  This  is  substantiated  in  the  area  south 
of  Bitterwater  Creek  where  the  Twisselmann  is  found 
outcropping  within  the  lower  part  of  the  McDonald. 
Nevertheless,  in  the  lower  part  of  the  Twisselmann  sand- 
stone a  megafossil  assemblage  was  found  (L.  S.  J.  U.  Loc. 
No.  2850),  which  is  almost  identical  with  that  found  in 
the  Relizian  "Button  bed"  sandstone  (L.  S.  J.  U.  Loc. 
Nos.  2844-2847). 

If  the  Twisselmann  assemblage  can  be  considered 
sufficiently  diagnostic,  the  Jower  part  of  the  Twisselmann 
in  its  type  locality  may  be  at  least  Luisian  and  correlative 
with  a  portion  of  the  Gould-Devilwater  shale.  The  evi- 
dence indicates,  that  in  its  type  locality,  the  Twisselmann 
represents  a  rapid  change  in  facies  within  the  Monterey 
formation  and  corresponds  in  part  to  the  Gould-Devil- 
water and  the  McDonald  shale  members. 

The  McDonald  shale  present  through  sees.  4,  5,  8,  9, 
and  10,  T.  27  S.,  R.  18  E.,  contains  varying  amounts  of 
fine-  to  coarse-grained  sandstone.  Therefore,  at  least  a  por- 
tion of  the  sandstone  of  the  Twisselmann  on  the  east  side  of 
the  Raven  Pass  anticline  is  equivalent  to  the  McDonald 
shale  on  the  west  side.  The  general  thinning  of  the  Twissel- 
mann to  the  northwest  of  its  type  locality  corresponds  to 
the  northwestward  decrease  in  the  amount  of  sandstone 
present  in  the  McDonald  shale  exposed  along  the  axial 
trace  of  the  Third  syncline  (fig.  2)  through  sees.  5,  8,  9, 
and  10,  T.  27  S.,  R.  18  E.  Paralleling  the  northwestward 
thinning  of  the  Twisselmann  sandstone  is  the  thickening 
of  the  upper  shale  bed  within  the  Twisselmann  from  30 
feet  in  sec.  11,  T.  27  S.,  R.  18  E.,  to  approximately  175 
feet  in  sec.  32,  T.  26  S.,  R.  18  E. 

The  combined  maximum  thickness  of  the  Twissel- 
mann and  McDonald  exposed  on  the  west  flank  of  the 
Second  syncline  in  sec.  11,  T.  27  S.,  R.  18  E.,  is  about  2800 
feet.  On  the  east  flank  of  the  Second  anticline  in  sec.  12, 
T.  27  S.,  R.  19  E.,  this  thickness  decreases  to  about  1800 
feet  of  which  approximately  a  200-foot  thickness  is  the 
Twisselmann.  It  is  evident  then  that  the  Twisselmann 
sandstone  either  changes  laterally  into  the  McDonald 
shale  or  is  transgressively  overlapped  by  the  McDonald 
(pi.  2,  E-E').  In  the  First  anticline,  the  absence  of  the 
Twisselmann  between  the  surface  outcrops  of  the  Point 
of  Rocks  sandstone  and  the  McDonald  shale  points  to  its 
wedging  out  approximately  under  the  First  syncline. 
From  its  outcrop  in  sec.  7,  T.  27  S.,  R.  19  E.,  the  subsur- 
face edge  of  the  Twisselmann  probably  parallels  the  north- 
westv.  ard  extension  of  the  First  anticline,  and  then  passes 
into  Antelope  Valley  east  of  its  outcrop  in  sec.  27,  T.  26  S., 
R.  18  E.  The  distribution  of  the  Twisselmann  in  Antelope 
Valley  is  uncertain,  but  it  may  be  identified  with  Miocene 
sands  below  the  McDonald  which  have  been  logged  in 
wells  as  "Kettleman,"  "Miocene,"  and  "Oligocene" 
sandstone. 

Lithologically,  the  Twisselmann  is  a  silty  and  fine-  to 
medium-grained  sandstone ;  the  greater  part  of  the  unit  is 
fine-grained  in  texture.  Grains  are  sub-angular  to  sub- 
rounded  and  consist  of  quartz,  weathered  feldspar,  occa- 
sional muscovite,  and  a  few  dark  chert-like  particles.  The 
sandstone  is  generally  friable  with  little  or  no  cementing 
material.  Locally,  the  sandstone  is  well  cemented  with 
calcite  and  forms  prominent  outcrops.  The  sand  grains 
are  usually  coarse  in  outcrops  containing  a  large  amount 
of  calcareous  cement.  The  Twisselmann  varies  in  color 
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Fig.   9.      Limestone  bed  in  the  lower  part  of  the  McDonald  shale 
member  of  the  Monterey  southeast  of  Bitterwater  Creek. 

from  an  off-white  to  buff  yellow.  There  is  little  evidence 
of  bedding. 

The  contact  between  the  Twisselmann  and  the  Cre- 
taceous is  marked  locally  by  a  discontinuous,  massive,  30 
to  50  foot  thick  bioclastic  reef  which  forms  the  base  of  the 
Twisselmann.  Inasmuch  as  the  Twisselmann  is  generally 
friable  with  few  prominent  outcrops,  it  is  difficult  to 
accurately  place  the  Cretaceous-Twisselmann  contact 
where  the  reef  is  absent.  This  reef  is  soft,  rather  friable, 
and  is  composed  of  almost  pure  organic  material  consist- 
ing of  shell  fragments  of  unidentifiable  large  and  small 
pectens  and  oysters.  The  remainder  of  the  reef  consists 
of  rounded  quartz  grains,  weathered  feldspar,  and  pebbles 
of  black  chert ;  numerous  fragments  of  Cretaceous  yellow- 
brown  sandstone  containing  holes  bored  by  mollusks  oc- 
cur directly  at  the  base.  The  only  fossils  identified  from 
this  reef  were  specimens  of  Pecten  (Aequipecten)  ander- 
soni  Arnold.  This  same  fossil  appears  abundantly  in  the 
Twisselmann  in  the  east-central  part  of  sec.  12,  T.  27  S., 
R.  18  E.,  and  in  sec.  7,  T.  27  S.,  R.  19  E.,  near  the  Shell 
Oil  Company's  well,  Utting  No.    3. 

A  continuous  band  of  porcelaneous  shale  ranging  in 
thickness  from  30  to  175  feet  is  characteristically  present 
in  the  upper  portion  of  the  Twisselmann  as  exposed  on  the 
northeast  flank  of  the  Raven  Pass  anticline.  Locally, 
through  sees.  11  and  14,  T.  27  S.,  R.  18  E.,  two  shale  bands 
are  present.  The  upper  band  is  the  continuous  unit  and 
gradually  increases  in  thickness  to  the  northwest  until  it 
attains  a  thickness  of  175  feet  in  sec.  32,  T.  26  S.,  R.  18  E. 
The  lower  shale  band  extends  from  sec.  14  about  2500  feet 
northwestward  into  sec.  11  where  it  disappears,  probably 
due  to  a  lateral  change  into  sandstone.  These  two  shale 
bands  are  referred  to  as  the  upper  and  lower  shale  marker 
beds  respectively. 

McDonald  Shale  Member.  The  McDonald  shale 
member  of  the  Monterey  is  present  in  the  Bitterwater 
Creek  area  with  a  thickness  of  1200  to  3000  feet.  For  the 
most  part  the  unit  consists  of  light  colored  siliceous  shales 
interbedded  with  variable  amounts  of  sandstone  and  some 
buff  and  rusty-brown  colored  limestone. 

To  the  south  of  Bitterwater  Creek,  over  1900  feet  of 
the  McDonald  overlies  the  Gould-Devihvater  shale  with 
apparent  conformity.  The  highest  Gould-Devilwater  shale 
is  soft  and  silty,  whereas  the  basal  125  feet  of  the  Mc- 
Donald consists  of  splintery,  diatomaceous  shale  which  is 


distinguished  by  pencil-shaped  rectangular  jointing.  This 
basal  shale  is  overlain  by  approximately  775  feet  of  gray 
diatomaceous  and  porcelaneous  shale  which  fractures  into 
block-shaped  pieces.  Beds  of  dense,  finelv  laminated,  rusty- 
brown  limestone,  1  foot  to  2  feet  thick,  outcrop  promi- 
nently in  this  portion  of  the  shale  at  stratigraphic  inter- 
vals of  5  to  10  feet,  and  extend  along  the  strike  for  several 
hundreds  of  feet.  Although  the  adjacent  shale  is  barren, 
certain  of  the  limestone  beds  contain  foraminifers  in 
abundance.  The  tests  are  often  identifiable  and  indicate  an 
early  Mohnian  age  for  this  900-foot  shale  sequence. 

In  the  middle  of  the  McDonald  section  south  of  Bitter- 
water Creek  are  380  feet  of  friable,  fine-grained  quartzose 
sandstone  with  occasional  streaks  of  silty  shale.  This  sand- 
stone, although  entirely  within  the  McDonald,  is  con- 
sidered to  be  the  Twisselmann  sandstone. 

The  portion  of  the  McDonald  overlying  the  Twissel- 
mann south  of  Bitterwater  Creek  consists  of  600+  feet  of 
hard,  gray  to  light-brown,  siliceous  and  porcelaneous  shale 
of  uniform  character.  Buff-yellow  and  rusty-brown  lime- 
stone concretions  2  to  6  feet  in  their  maximum  diameter, 
and  elongated  parallel  to  the  bedding,  occur  at  strati- 
graphic  intervals  of  10  to  100  feet.  Laterally  the  concre- 
tions are  separated  from  one  another  by  distances  of  15 
feet  or  more.  Like  the  limestone  beds  in  the  lower  part  of 
the  McDonald,  these  concretions  occasionally  contain 
microfossils.  Throughout  the  entire  area  outcrops  of  the 
stratigraphically  highest  McDonald  exposed  are  charac- 
terized by  the  occurrence  of  these  concretions.  It  is 
thought  that  the  presence  of  limestone  beds  in  the  lower 
part  of  the  McDonald  and  of  limestone  concretions  in  the 
upper  part  furnishes  a  means  of  determining  the  strati- 
graphic  sequence.  On  this  basis,  the  portion  of  the  McDon- 
ald which  underlies  the  Twisselmann  south  of  Bitterwater 
Creek  is  not  present  north  of  Bitterwater  Creek  in  the 
Shale  Hills  outcrop  area  of  the  McDonald. 

The  lithology  of  the  McDonald  along  the  southwest 
flank  of  the  Raven  Pass  anticline  is  different  from  that 
either  in  the  Shale  Hills  or  that  to  the  south  of  Bitterwater 
Creek.  The  shale,  though  siliceous,  is  silty  and  contains 
numerous  beds  of  sandstone  up  to  10  feet  thick.  The  sand- 
stone beds  range  from  an  off-white,  friable,  well-sorted, 
fine-grained  sandstone  to  a  yellow,  calcareous,  coarse  to 
gritty  sandstone.  In  the  portion  of  the  McDonald  inter- 
bedded with  sandstone  there  are  no  limestone  beds  or 
concretions  of  the  type  found  south  of  Bitterwater  Creek 
and  in  the  Shale  Hills  section.  Instead,  the  limestone 
which  is  present  occurs  as  calcareous  cement  in  the  sand- 
stone beds. 

The  silty  shale  with  interbedded  sandstone  is  the  dom- 
inant lithologic  feature  of  the  McDonald  through  sec.  9,  T. 
27  S.,  R.  18  E.  Northwest  of  sec.  9  along  the  strike  the 
shale  becomes  more  porcelaneous  and  less  silty  and  buff- 
colored  limestone  beds  appear.  Throughout  the  section 
where  the  sandstone  beds  are  common,  prominent  sand- 
stone dikes  are  often  present.  These  dikes  probably  de- 
rived material  from  the  sandstone  beds  within  the  Mc- 
Donald and  not  from  older  formations.  South  of  Bitter- 
water Creek,  the  dikes  in  the  upper  part  of  the  McDonald 
shale  pass  from  the  sandstone  of  the  underlying  Twissel- 
mann into  the  McDonald. 

The  most  common  type  of  shale  in  the  McDonald  in 
the  Shale  Hills  is  a  white,  hard,  porcelaneous  shale  with 
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Fig.   10.      Relationship  between  the  McDonald  shale  and  the  Twisselmann  sandstone.   (A  portion  of  cross-section  E-E'.) 


blocky,  conchoidal  fracture.  Interbedded  with  the  por- 
celaneous  shale  are  beds  of  soft,  fissile  siliceous  shale  which 
are  buff-white  to  white  on  weathered  surfaces  and  light 
lavender  on  fresh  surfaces.  Well  cuttings  of  the  shale 
exhibit  either  a  chocolate-brown  or  a  dark-blue  color.  Thin 
beds  of  this  shale  break  into  jagged,  pencil-like  laths  sev- 
eral inches  long.  Limestone  concretions,  occasionally  fos- 
siliferous,  are  common,  as  in  the  corresponding  section 
south  of  Bitterwater  Creek. 

Although  on  the  whole  the  McDonald  is  unfossilif- 
erous,  in  all  of  the  outcrop  areas  it  was  possible  to  find 
a  few  samples  rich  in  microfossils.  These  samples  were 
obtained  principally  from  the  limestone  beds  and  con- 
cretions; in  a  few  instances  microfossils  were  found  in 
the  shales.  Fish  scales  were  noted  quite  frequently  and 
bone  fragments  of  vertebrates  are  common  as  float,  partic- 


ularly in  the  Shale  Hills.  Most  of  these  are  vertebrae  of 
the  great  sulphur  bottom  whale.  In  several  instances  bone 
material  was  found  in  the  center  of  the  limestone  con- 
cretions, which  may  possibly  be  a  clue  to  the  origin  of 
these  concretions. 

Pliocene- Pleistocene 
Tulare  Formation 

The  Pliocene  and  possibly  the  Pleistocene  are  repre- 
sented in  the  area  by  the  Tulare  formation  which  rests 
unconformably  on  the  older  sediments.  The  Tulare  con- 
sists of  approximately  90  percent  siliceous  shale  frag- 
ments. The  remainder  consists  of  boulders  and  cobbles  of 
limestone,  schist,  gneiss,  chert,  and  granitic  rocks.  No 
stratification  is  apparent  and  consolidation  is  poor. 

To  the  west  of  the  area  studied,  the  Tulare  is  present 
in  canyons  bordering  the  San  Andreas  fault  and  consists 
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Fig.    11       Miocene  overlap  of  the  Cretaceous  in  Shale  Hills,  sec.  28,  T.  26  S.,  R.  18  E.  The  Cretaceous  is  on  the  right,  and  appears  as  dark-colored 
oeas  nipping  into  Antelope  Valley.  In  the  center  is  the  Twisselmann  sandstone  ;  on  the  left  are  gently  dipping  beds  of  the  McDonald  shale.  The  car 

tracks  in  the  center  foreground  indicate  the  scale. 
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of  sandstone,  siltstone,  and  mudstone  with  well-developed 
bedding.  A  few  shale  fragments  were  found,  but  no  con- 
spicuous fragmental  material  of  metamorphic  and  igneous 
rocks  was  found. 

As  no  fossils  were  found,  the  correlation  of  these 
sediments  with  the  Tulare  in  the  Kettleman  Hills  area  is 
based  entirely  on  lithologic  similarity  and  stratigraphic 
position. 

Pleistocene  (?)  -  Recent 
Terrace  Gravel   and  Alluvium 

On  the  northeast  side  of  Cedar  Canyon,  and  for  a 
short  extent  along  Bitterwater  Creek  northwestward  from 
the  mouth  of  Cedar  Canyon,  isolated  patches  of  Pleisto- 
cene (  ?) -Recent  terrace  gravels  occur  on  the  lower  slopes 
of  ridges. 

STRUCTURE 

The  principal  structural  features  in  the  Bitterwater 
Creek  area  are  a  series  of  northwest-trending  folds  bor- 
dering the  western  edge  of  the  San  Joaquin  Valley.  The 
folds  are  slightly  oblique  to  the  trend  of  the  Temblor 
Range  and  pass  southeastward  from  the  foothills  into  the 
Antelope  and  San  Joaquin  Valleys.  The  folding  in  many 
places  is  complicated  by  faulting  and  overturning.  Lower 
Miocene  sediments  are  overturned  through  most  of  their 
outcrop  area. 

In  the  Shale  Hills  there  is  a  series  of  tightly  folded, 
roughly  parallel,  minor  flexures.  The  axes  of  the  indi- 
vidual folds  curve  considerably,  and  there  is  much  squeez- 
ing of  the  strata  in  localities  where  the  axes  converge. 
These  minor  folds  are  not  everywhere  distinct  and,  hence, 
are  not  always  easy  to  follow  in  the  field.  Normal  folding 
is  difficult  to  distinguish  from  local  overturning,  espe- 
cially in  the  McDonald  shale,  because  of  its  apparent  ease 
of  deformation.  This  is  particularlv  true  in  sees.  27,  28, 
and  34,  T.  26  S.,  R.  18  E. 

In  the  portion  of  the  Shale  Hills  northwest  of  Pack- 
wood  Creek,  there  are  numerous  small  folds  complicated 
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Fig.   12.     Exposure  of  reverse  fault  with  r  'he  Gould-Devilwater  shale 

in  sec.  26,  T.  27  S.,  R.  18  E.  The  lack  of  dl  ag  features  on  both  sides  of 

the  fault  is  apparent.  The  hammer  a  ■■;  <  ap  indicate  the  scale. 
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Fig.   13.     Oil  seep  near  the  Abbott  No.  1  well  in  sec.  7, 
T.  27  S.,  R.  19  E. 

by  the  convergence  of  structural  axes  and  local  transverse 
faults.  Southeast  of  Packwood  Creek  the  structure  con- 
sists of  four  easily  recognizable  folds,  is  less  complex,  and 
is  easier  to  map.  An  interesting  feature  in  sec.  1,  T.  27 
S.,  R.  18  E.,  is  the  prominent  synclinal  valley  formed  by 
the  First  syncline  (fig.  2).  The  adjacent  flexures  to  the 
southwest,  the  Second  anticline  and  the  Second  syncline 
are  clearly  visible  in  sees.  11  and  12,  but  are  obscure  in 
sec.  2. 

Immediately  to  the  southwest  of  the  Shale  Hills 
structures,  along  the  axial  trace  of  the  Raven  Pass  anti- 
cline, is  an  extensive  outcrop  of  Cretaceous  rocks,  which 
forms  a  major  structural  high  within  the  area.  The  Cre- 
taceous outcrop  is  nearly  a  mile  wide  across  the  trend  of 
the  anticline  and  extends  from  Raven  Pass,  approximately 
2  miles  northwest  of  the  area,  to  Bitterwater  Creek  where 
the  anticline  plunges  southeast  beneath  the  alluvium  of 
the  valley.  There  is  little  evidence  from  the  strike  and  dip 
of  bedding  in  the  Cretaceous  that  the  structure  of  the 
Cretaceous  sediments  conforms  at  all  to  that  of  the  over- 
lying Miocene.  The  axial  trace  of  the  Raven  Pass  anti- 
cline, as  shown  on  the  geologic  map,  holds  true  for  the 
flanking  Miocene  sediments  rather  than  for  the  Cretaceous 
itself.  Post-Miocene  folding  merely  has  superimposed  a 
regional  structure  upon  the  previously  deformed  Cre- 
taceous sediments. 

There  is  a  normal  sedimentary  contact  between  the 
Cretaceous  and  the  Miocene  on  the  northeast  limb  of  the 
Raven  Pass  anticline,  but,  on  the  southwest  limb  through 
sees.  4,  5,  9,  and  10,  T.  27  S.,  R.  18  E.,  the  contact  between 
the  Cretaceous  and  the  McDonald  shale  is  mapped  as  the 
Bitterwater  fault.  In  sec.  10  the  fault  swings  to  the  south 
and  southwest  until  it  terminates  in  the  southwest  quarter 
of  sec.  15.  Evidence  for  the  fault  contact  between  the 
Miocene  McDonald  and  the  Cretaceous  is  found  in  the 
presence  of  a  conspicuous  amount  of  gypsum  and  caliche 
at  several  localities  along  the  contact,  and  by  the  presence 
of  very  highly  brecciated  Cretaceous  material.  Perhaps 
the  most  convincing  evidence  is  the  presence  of  some 
5900  feet  of  Miocene  sediments  in  the  Bergman  No.  1 
well  in  the  northwest  quarter  of  sec.  5,  T.  27  S.,  R.  18  E., 
approximately  one  third  of  a  mile  from  the  Cretaceous- 
Miocene  contact  (pi.  2,  E-E')- 
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Fig.    14.      Present  distribution  of  pre-Temblor  sediments. 
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Evidence  for  the  swing  of  the  fault,  to  the  south  and 
southwest  in  see.  10  is  conclusive.  In  sees.  10  and  15  the 
beds  of  the  McDonald  terminate  abruptly  against  the  Cre- 
taceous and  the  axis  of  the  Third  syncline  has  been  dis- 
placed about  1  mile  to  the  south.  In  addition,  drag  folds 
are  present  in  the  McDonald  on  adjacent  sides  of  the 
southwesterly  extension  of  the  fault. 

Movement  in  sees.  10  and  15  has  been  primarily 
horizontal  whereas  that  along  the  McDonald-Cretaceous 
contact  has  been  normal,  nearly  vertical,  and  substantially 
along  the  plane  of  the  bedding.  The  sinuous  course  of 
the  fault,  the  drag  folds  in  the  McDonald  in  sec.  15,  and 
the  large  horizonal  displacement  of  the  axial  trace  of  the 
Third  syncline  (fig.  2)  all  point  to  the  possibility  that  the 
Bitterwater  fault  may  be  a  thrust.  Nevertheless,  the  evi- 
dence from  the  Bergman  well  makes  the  angle  of  the  fault 
so  steep  that  a  thrust  seems  unreasonable  (pi.  2,  B-B')- 

In  previous  work  by  English  1(i  the  contact  between 
the  Twisselmann  and  the  Cretaceous  in  sec.  15,  on  the 
southwest  flank  of  the  Raven  Pass  anticline  was  mapped 
as  a  fault  contact.  However,  during  the  present  survey  no 
evidence  was  found  to  substantiate  this  and  it  is  thought 
that  the  contact  is  a  normal  sedimentary  one. 

Another  area  in  which  the  Cretaceous  was  mapped 
previously  1T  in  fault  contact  with  the  Miocene  is  in  sees. 
21  and  28,  T.  26  S.,  R.  18  E.  A  normal  depositional  con- 
tact with  an  angular  unconformity  between  the  Miocene 
and  Cretaceous,  however,  is  indicated.  The  Cretaceous  is 
overlain  unconformably  by  the  Miocene  Twisselmann 
sandstone  which  in  turn  is  overlain  conformably  by  the 
McDonald  shale.  The  pattern  of  the  structure  as  well  as 
the  manner  in  which  the  Miocene  sediments  flank  the  Cre- 
taceous support  a  sedimentary  contact.  Further  evidence 
of  a  sedimentary  contact  is  furnished  by  the  presence  of 
a  small  amount  of  glauconitic  sand  at  the  Cretaceous- 
Miocene  contact. 

The  McDonald  anticline  is  the  second  largest  struc- 
tural feature  in  the  Bitterwater  Creek  area,  and  can  be 
traced  from  the  edge  of  the  San  Joaquin  Valley,  sees.  31 
and  32,  T.  27  S.,  R.  18  E.,  northwestward  across  the  entire 
area.  The  axial  trace  of  the  McDonald  anticline,  and  that 
of  the  Cedar  Canyon  syncline  to  the  southwest  are  dis- 
placed by  complicated  faulting  in  sees.  23  and  26,  T.  27  S., 
R.  18  E.  In  addition,  the  presence  of  several  smaller  anti- 
clinal and  synclinal  folds  adds  to  the  structural  com- 
plexity. Northwest  of  Bitterwater  Creek  massive  outcrops 
of  the  Carneros  sandstone  are  exposed  along  the  axial 
trace  of  the  McDonald  anticline.  Through  sees.  16,  17, 
and  21,  T.  27  S.,  R.  18  E.,  the  anticline  is  overturned 
and  precise  mapping  of  the  axial  trace  is  made  difficult  by 
the  overturning  as  well  as  by  the  lack  of  marker  horizons 
in  the  Carneros. 

The  portion  of  the  area  southwest  of  the  McDonald 
anticline  is  marked  by  conspicuous  overturning  accom- 
panied by  reverse  faulting  along  the  bedding  planes  in 
the  Tertiary  and  Cretaceous  strata.  The  rocks  exposed  on 
both  flanks  of  the  Cedar  Canyon  syncline  are  overturned 
through  the  entire  area  west  and  northwest  of  the  north- 
trending  reverse  fault  in  sec.  26,  T.  27  S.,  R.  18  E. ;  south 
of  the  fault  the  syncline  is  no  longer  overturned.  Through 

10  English,  Walter  A.,  Geology  and  petroleum  resources  of  north- 
western Kern  County,  California":  U.  S.  Geol.  Survey  Bull.  721,  pp. 
5-226,  1921. 

17  Op.  cit. 
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the  major  portion  of  sees.  26  and  23  the  fault  is  mapped 
as  a  thrust  dipping  approximately  55°  to  the  west.  In  sec. 
23  it  apparently  truncates  a  minor  northwest-plunging 
anticline.  This  anticline  continues  to  the  northwest  where 
it  joins  the  McDonald  anticline  in  the  central  portion  of 
sec.  22.  It  is  apparent  that  there  is  the  possibility  of  struc- 
tural closure  up-dip  against  the  fault.  This  was  the  geo- 
logic basis  for  the  well  drilled  in  the  southeast  quarter  of 
sec.  22.  The  well  encountered  the  fault  but,  nevertheless, 
was  dry. 

In  the  northeastern  portion  of  sec.  29,  T.  27  S.,  R. 
18  E.,  the  Point  of  Rocks  formation  and  the  Agua  sand- 
stone are  missing  and  the'  upper  Santos  shale  is  mapped 
in  fault  contact  with  the  Cretaceous.  Because  a  600-foot 
thickness  of  the  Point  of  Rocks  formation  is  exposed  only 
several  hundred  feet  away  on  the  east  side  of  the  mouth 
of  Cedar  Canyon,  it  must  be  assumed  that  the  Point  of 
Rocks  and  the  Agua  have  been  overridden  by  the  incompe- 
tent Cretaceous  sediments  during  the  intense  folding  and 
overturning  of  the  section.  In  sees.  1!)  and  20,  T.  27  S., 
R.  18  E.,  the  structural  relationship  between  the  Eocene 
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Fig.   15.     Present  distribution  of  pre-Monterey  sediments. 
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and  early  Miocene  sediments  and  the  Cretaceous  is  ob- 
scured by  the  overlap  of  the  Tulare. 

The  Miocene-Tulare  contact  in  the  west-central  por- 
tion of  sec.  18,  T.  27  S.,  R.  18  E.,  is  mapped  as  a  fault  con- 
tact. The  fault  is  thought  to  be  present  in  a  well-developed 
tributary  canyon  running  south  into  Bitterwater  Creek. 
Miocene  sediments  are  visible  on  the  east  wall  of  the  can- 
yon ;  the  entire  west  wall  consists  of  the  debris  character- 
istic of  the  Tulare  formation.  On  the  west  side  of  the  can- 
yon near  the  north  end  of  the  fault,  there  is  a  good 
exposure  of  soft,  yellow  clay-like  fault  gouge. 

ECONOMIC   PROSPECTS 

To  facilitate  the  discussion  of  the  economic  prospects, 
two  small  scale  maps  have  been  constructed  (figs.  14  and 
15)  to  show  the  present  areal  distribution  of  the  different 
sedimentary  formations.  These  two  maps  show  the  posi- 
tions of  the  pre-Temblor  and  pre-Monterey  sediments. 
They  are  not  paleogeologic  maps  as  they  do  not  necessarily 
show  the  position  of  the  pre-Temblor  or  pre-Monterey  sedi- 
ments at  the  beginning  of  the  deposition  of  the  Temblor 
or  of  the  Monterey.  They  show  only  conditions  as  they 
exist  today  and  have  been  constructed  by  using  informa- 
tion obtained  from  surface  outcrops  as  well  as  available 
subsurface  information  from  well  logs.  Surface  outcrops 
are  shown  surrounded  by  solid  lines ;  inferred  subsurface 
occurrence  is  bounded  by  dashed  lines.  More  or  less  arbi- 
trary boundary  restrictions  were  imposed  for  the  area 
covered.  Information  from  the  Blackwell's  Corner  field 
has  been  included  only  to  the  extent  necessary  to  show  the 
relation  of  production  to  the  truncated  Temblor  edge. 

It  is  thought  that  the  best  opportunity  for  petroleum 
production  in  this  area  lies  in  the  location  of  sedimentary 
wedge  edges  in  structurally  favorable  areas.  Such  a  con- 
dition is  found  in  the  Blackwell  's  Corner  field  where  the 
Temblor  is  overlapped  across  the  nose  of  a  southeastward 
plunging  anticline.  The  discovery  of  commercial  produc- 
tion along  the  truncated  edge  of  the  Temblor  in  this  field 
has  led  to  hope  for  an  extension  of  the  productive  edge 
in  the  area  immediately  to  the  northeast  of  the  Shale  Hills. 
Several  dry  holes  have  been  drilled  in  an  attempt  to  locate 
this  edge  in  the  area  lying  between  Shale  Hills  and  the 
Blackwell's  Corner  field.  An  examination  of  the  small 
scale  maps  (figs.  14  and  15)  will  show  that  so  far  the 
wells  have  all  been  located  to  the  southwest  of  the  Tem- 
blor edge.  The  F.  Abbot  dry  hole  in  the  northeast  corner 
of  sec.  7,  T.  27  S.,  R.  19  E.',  was  the  only  location  to  find 
Temblor  sediments.  This  well  is  reported  to  have  cored 
Santos  shale  at  the  comparatively  shallow  depth  of  755- 
1041  feet.  The  productive  possibilities  of  the  Temblor  edge 
are  emphasized  by  the  fact  that  in  1947  there  was  an  active 
oil  seep  at  the  F.  Abbot  location.  In  spite  of  the  dry  holes 
obtained  to  date  there  is  still  some  prospect  of  obtaining 
production  from  the  Temblor  edge  in  the  area  immedi- 
ately northeast  of  the  Shale  Hills. 

The  truncated  edge  of  the  Temblor  as  well  as  of  the 
Eocene  Point  of  Rocks  is  present  under  possibly  favorable 
structural  conditions  along  the  flanks  of  the  Raven  Pass 
anticline  south  of  Bitterwater  Creek.  In  this  portion  of  the 
area  the  Temblor  edge  is  for  the  most  part  the  edge  of  the 
transgressive  "Button  bed"  sandstone.  The  outcrops  in 
sec.  30,  T.  27  S.,  R.  19  E.,  show  the  "Button  bed"  lying 
on  the  Point  of  Rocks.  The  pre-" Button  bed"  Temblor 


members  have  been  truncated  and  overlapped  by  the 
"Button  bed"  so  that  their  wedge  edge  positions  lie  to 
the  southwest  of  the  subsurface  contact  shown. 

The  chances  of  obtaining  production  along  this  edge 
as  well  as  from  that  of  the  paralleling  Eocene  Point  of 
Rocks  edge  is  controlled  by  the  positions  of  these  two  edges 
with  respect  to  the  axes  of  the  Third  syncline  and  the 
Raven  Pass  anticline.  This  information  could  be  readily 
obtained  by  a  series  of  comparatively  shallow  core  holes. 

The  fact  that  the  general  plunge  of  the  structures  in 
the  area  is  to  the  east  and  southeast  makes  sec.  If),  T.  27  S., 
R.  18  E.,  of  some  interest  as  the  Bitterwater  fault  crosses 
this  section  nearly  normal  to  the  strike,  and  hence,  should 
also  cut  across  the  Temblor  and  Point  of  Hocks  edges  if 
they  are  present. 

In  sees.  18  and  20,  T.  27  S.,  R.  19  E.,  where  the  unit 
Te  is  shown  to  cross  the  Raven  Pass  anticline,  wells  42, 
48,  and  49,  indicate  that  the  Point  of  Rocks  as  a  sandstone 
unit  is  absent,  so  that  Eocene  shale  underlies  the  Mon- 
terey. Since  the  Point  of  Rocks  definitely  reappears  as  a 
surface  outcrop  in  sec.  30,  T.  27  S.,  R.  18  E.,  it  is  possible 
that  the  shale  is  a  result  of  a  local  change  in  facies  within 
the  Eocene.  For  this  reason  the  symbol  Te  has  been  used 
in  spite  of  the  fact  that  the  stra'tigraphic  unit  so  desig- 
nated is  the  Eocene  Point  of  Rocks  over  the  balance  of 
the  area. 

SUMMARY 

The  sandstone  present  along  the  axial  trace  of  the 
First  anticline  in  Shale  Hills,  previously  considered  to  be 
the  Vaqueros  sandstone,  is  mapped  as  the  Eocene  Point  of 
Rocks  sandstone. 

The  large  sandstone  body  present  along  the  axial 
trace  of  the  McDonald  anticline  through  sees.  7,  8, 16,  and 
17,  T.  27  S.,  R.  18  E.,  is  recognized  as  the  Carneros  sand- 
stone member  of  the  Temblor  formation.  Its  increase  in 
thickness  in  this  area  from  its  exposures  in  the  adjacent 
Cedar  Canyon  section  is  due  primarily  to  a  lateral  change 
of  the  Media  and  upper  Santos  shales  into  sandstone  and 
is  related  to  a  local  thickening  of  the  Temblor  sediments. 

A  new  unit,  the  Twisselmann  sandstone,  is  recognized 
as  a  member  of  the  Monterey  formation  in  the  Shale  Hills. 
This  new  unit  is  considered  in  part  Luisian  and  in  part 
Mohnian. 

The  Miocene  rocks  on  the  southwest  limb  of  the  Raven 
Pass  anticline  are  in  fault  contact  with  the  Cretaceous. 
The  Miocene-Cretaceous  contacts  in  sees.  21  and  28,  T.  26 
S.,  R.  18  E.,  and  in  sec.  15,  T.  27  S.,  R.  18  E.,  are  con- 
sidered depositional  contacts  and  are  not  fault  contacts 
as  previously  mapped. 

The  present  distribution  of  sediments  indicates  that 
there  are  still  untested  areas  where  it  may  be  possible  to 
obtain  production  of  oil  and  /or  gas  from  the  overlapped 
or  truncated  edges  of  the  Temblor  and  possibly  the  Point 
'of  Rocks. 

REGISTER   OF   FOSSIL   LOCALITIES 
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English,  Walter  A.,  Geology  and  petroleum  resources  of  north- 
western Kern  County,  California  :  U.  S.  Geol.  Survey  Bull.  721,  pp. 
21-24,  26-29,  30-35,  43-44,  1921. 

The  report  includes  an  outline  of  the  geology  of  northwestern 
Kern  County  including  some  revisions  of  the  previous  work  by  Arnold 
and  Johnson.  Data  on  several  measured  sections  in  the  vicinity  of 
Bitterwater  Creek  are  pertinent.  Geologic  map. 

Gester,  G.  C,  and  Galloway,  John,  Geology  of  Kettleman  Hills 
oil  field,  California  :  Am.  Assoc.  Petroleum  Geologists  Bull.,  vol.  17, 
no.  10,  pp.  1161-1193,  1933. 

A  discussion  of  the  correlation  and  terminology  of  Miocene  for- 
mations in  the  San  Joaquin  Valley  and  the  Temblor  Range  is  pre- 
sented. This  article  is  given  credit  for  the  original  publication  of  the 
term  Santos  shale.  (See  reference  to  May  and  Gilboe.) 

Goudkoff,  Paul  P.,  Age  of  the  producing  horizon  at  Kettleman 
Hills,  California  :  Am.  Assoc.  Petroleum  Geologists  Bull.,  vol.  15, 
no.  7,  pp.  839-842,  1931. 

Producing  and  non-producing  formations  in  the  Kettleman  Hills 
field  are  assigned  to  the  Monterey  and  Temblor  formations.  The  article 
is  pertinent  to  a  general  study  of  the  stratigraphy  of  the  San  Joaquin 
Valley. 

Kleinpell,  Robert  M.,  Miocene  stratigraphy  of  California  :  Am. 
Assoc.  Petroleum  Geologists,  pp.  1-450,  1938. 

Fundamental  basis  for  the  recognition  and  establishment  of  age 
correlations  of  Miocene  rocks  in  California  is  provided  in  this  work. 
The  comprehensive  correlation  chart  and  the  bibliography  are  of  par- 
ticular interest. 

May,  A.  R.,  and  Gilboe,  J.  D.,  Foraminifera  from  the  type 
section  of  the  Temblor  formation,  Carneros  Creek  area,  Kern,  County, 
California  :  Unpublished  manuscript,  Feb.  5,  1931.  Copy  on  file  at 
Brainier  Geological  Library,  Stanford  University,  California. 

Reference  studies  indicate  that  this  article  contains  the  original 
usage  of  the  terms  Gould  shale.  Media  shale,  Carneros  sandstone, 
Santos  shale,  and  I'hacoules  reef.   The  Gould   is   listed  as  the  basal 
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member  of  the  Monterey:  tlie  "Button  bed",  Media  (upper  shale), 
Carneros  Santos  (middle  shale),  Phacoides  reef  (lower  sandstone), 
and  lower  shale  are  listed  as  members  of  the  Temblor  of  the  type 
section.  Credit  is  given  H.  G.  Schenk  for  the  term  Carneros  member  as 
applied  to  the  sandstone  overlying  the  middle  shale  (Santos)  at  the 
type  locality  of  the  Temblor.  The  Carneros  was  previously  called  the 
"lower  reef"  by  Arnold  and  Johnson,  and  the  "main  reef"  by  English. 
Woodring,  W.  P.,  Stewart,  Ralph,  and  Richards,  R.  W.,  The 
geology  of  the  Kettleman  Hills  oil  field,  California :  U.  S.  Geol. 
Survey  Prof.  Paper  195,  1940. 

The  authors  present  a  detailed  coverage  of  the  Kettleman  Hills 
area  their  discussion  of  stratigraphic  nomenclature  is  helpful  in 
understanding  current  usage  in  the  Temblor  Range. 

Geologic  formations  and  economic  development  of  the  oil  and 
gas  fields  of  California  :  California  Div.  Mines  Bull.  118,  pp.  83,  118, 
200,  247-2.-)2,  494-504,  1943. 


Bulletin  118  contains  a  collection  of  papers  and  reports  by 
authorities  on  the  development  of  California's  petroleum  industry,  the 
geology  of  California,  and  the  occurrence  of  oil  and  gas,  with  descrip- 
tions of  individual  oil  and  gas  fields.  Also  included  is  a  glossary  of 
the  geologic  units  of  California.  Of  special  note  is  the  paper  by  Paul 
P.  Goudkoff,  Correlation  of  oil  field  formations  on  the  west  side  of 
San  Joaquin  V<illei/,  pp.  247-252.  The  article  contains  statements  of 
the  age  and  correlations  of  the  Santos  shale,  Agua  sandstone,  and 
Carneros  sandstone  members  of  the  Temblor  formation.  In  addition 
the  following  quotation  is  found  on  p.  251  :  "The  lower  Mohnian  beds 
were  cored  and  designated  as  the  McDonald  shale  in  some  wells  of  the 
Alferitz  area  of  Devils  Den,  in  a  deep  well  in  South  Belridge  Held,  In 
a  number  of  wildcat  wells  between  South  Belridge  and  Midway-Sunset, 
and  in  some  of  the  Wheeler  Ridge  wells."  The  paper  by  Martin  Van 
Couvering  and  H.  B.  Allen,  Devils  Den  oil  field,  pp.  496-500,  is  also 
of  interest.  The  Eocene,  Oligocene,  and  Miocene  rocks  in  the  area  are 
divided  into  a  number  of  local  members  and  formations  for  which  new 
names  are  used.  The  massive  upper  Eocene  sandstone  exposed  at  the 
Point  of  Rocks  is  given  the  name  of  the  locality. 
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